Cytomegalovirus (CMV) causes severe diseases in premature infants and immunocompromised hosts, and antiviral therapy is often required for disease control. However, the clinical manifestations and treatment courses for CMV-associated thrombocytopenia in immunocompetent children are unclear.
INTRODUCTION
Cytomegalovirus (CMV) causes congenital infections in premature infants and severe diseases in immunosuppressed patients. In immunocompetent patients, the most common form of CMV infection is asymptomatic or benign and self-limited [1] [2] [3] ; however, CMV infection is gaining recognition as an uncommon etiology in these patients with severe or persistent thrombocytopenia [4] [5] [6] [7] . Viruses or bacteria may cause thrombocytopenia via 2 potential mechanisms. First, through direct cytopathic effect by infecting the megakaryocytes, and second, through molecular mimicry or an immune-mediated effect. The former is called CMV-induced thrombocytopenia, while the latter is called CMV-related secondary immune thrombocytopenia (ITP) [7] [8] [9] .
Several cases of thrombocytopenia caused by CMV infection in immunocompetent adults or children have been reported [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] . Further, the importance of studying and understanding CMV infection in immunocompetent children is being emphasized because some of them can result in hepatitis, anemia, thrombocytopenia, neurodevelopmental problems, hearing loss, or growth retardation [10, 15] . However, in Korea, the frequency and clinical manifestations of CMV infection in immunocompetent children with thrombocytopenia after neonatal period remains unclear. Thus, we reviewed the clinical characteristics and treatment courses for such patients by conducting a multicenter retrospective study.
MATERIALS AND METHODS

Subjects
Children ＞1 month and ＜15 years of age with thrombocytopenia and positive CMV polymerase chain reaction (PCR) being treated at Keimyung University Dongsan Medical Center, Kyungpook National University Hospital, and Yeungnam University Medical Center in Daegu from January 2000 to March 2017 were included. Medical records of patients from all three institutes were retrospectively reviewed. This study targeted the previously healthy and immunocompetent children. Patients with primary immunodeficiency, leukemia, inherited bone marrow failure syndrome, or acquired immune deficiency syndrome were excluded from the final analysis. Additionally, patients suffering from non-CMV infections were also excluded.
Definition
Thrombocytopenia was defined as the condition in which the platelet count was ＜100,000/L. When the platelet count recovered to the normal level (＞150,000/L) within 3-6 months after diagnosis, it was defined as the acute form of thrombocytopenia [16] [17] [18] . If thrombocytopenia lasted for more than 6-12 months, it was defined as the chronic form. In this study, the recurrent form was defined as follows: thrombocytopenia recovered to the normal level but subsequently dropped to ＜100,000/L, regardless of the time interval.
CMV infection was defined as the detection of virus by quantitative or qualitative PCR in the blood or urine samples, performed on the day of detection of thrombocytopenia. As mentioned previously, CMV-induced thrombocytopenia caused by direct infection of megakaryocytes by CMV was defined as the state in which the patients showed CMV-positive PCR and CMV infection-like symptoms (fever, elevated transaminases, jaundice, hepatomegaly, splenomegaly, pneumonitis, gastritis, or myalgia) at the time of thrombocytopenia diagnosis [4, 7, 9] . While, CMV-related secondary ITP caused by immunologic reactions after recent CMV infection was defined as the state in which the patients displayed CMV-like symptoms a few weeks before the diagnosis of thrombocytopenia [4, 7, 9] . Altogether, in the present study, both of them referred to as CMV-associated thrombocytopenia.
Statistical analysis
Statistical analysis was performed using the SPSS ver. 21.0 software (SPSS, Inc., Chicago, IL, USA). The Mann-Whitney U-test was used for comparing variables between the subject groups. The chi-square test was used for ratio comparison between groups. A P -value ＜0.05 was considered to be statistically significant.
Laboratory test for CMV infection
Patients were tested for CMV infection using serological CMV tests (IgM and IgG), viral culture, CMV antigenemia, qualitative PCR, and real-time (or quantitative) PCR for blood or urine samples. CMV IgM and CMV IgG were detected in sera samples using an enzyme immunoassay (ARCHITECT CMV IgG Assay; Abbott Ireland Diagnostic Division, Sligo, Ireland). For detecting CMV in urine, urine samples were collected and cultured using the shell vial culture method (Chemicon, Temecula, CA, USA). For CMV PCR, DNA was extracted from EDTA-treated blood samples using the Prepito Viral NA/gDNA kit (PerkinElmer Chemigen Technogie GmbH, Baesweiler, Germany), amplified using the Amplisens CMV-FEP PCR kit (Central Research Institute of Epidemiology, Moscow, Russia), and detected using fluorescence spectrometer (BioSewoom, Seoul, South Korea).
RESULTS
Subject characteristics and clinical manifestations
Data for a total of 1,065 children with thrombocytopenia were reviewed. Out of these, 31 patients showed CMV-positive PCR, CMV-like symptoms, and absence of other infections. The tests for respiratory virus, toxoplasma, syphilis, rubella virus, herpes simplex virus, hepatitis virus, and human immunodeficiency virus were negative. Patients did not previously receive blood transfusion. Among the 31 patients, 2 patients with other diseases [Wiskott-Aldrich syndrome (1/31) and juvenile myelomonocytic leukemia (1/31)] were excluded from the analysis. Finally, 29 immunocompetent patients with CMV-associated thrombocytopenia (2.7%) were analyzed. The patients were classified into CMV-induced thrombocytopenia (23/29) and CMV-related secondary ITP (6/29) groups. The baseline characteristics, clinical manifestations, and diagnostic tools of CMV in these patients have been described in Table 1 .
Bone marrow analysis was performed for 4 subjects. Of these, 3 belonged to the CMV-induced thrombocytopenia group and 1 belonged to the CMV-related secondary ITP group. The results showed that 1 subject had hypocellular marrow with mild suppression of megakaryopoiesis, while the other 3 subjects, including one CMV-related secondary ITP patient, had normocellular marrow with suppression of megakaryopoiesis. An increase in the aminotransferase levels was evident in 11 patients, while 4 patients showed Abbreviations: CMV, cytomegalovirus; IVIG, intravenous immunoglobulin; PCR, polymerase chain reaction. Table 2 . Laboratory findings and treatment courses for immunocompetent children with CMV-associated thrombocytopenia after neonatal period, who showed complicated clinical manifestations.
No. hyperbilirubinemia, and 1 patient showed increased aminotransferase and bilirubin levels. Two patients showed CMV pneumonitis, confirmed using X-ray of the chest. One patient with hematemesis tested positive for an immunochemistry test for CMV performed using endoscopic biopsy and was diagnosed with CMV gastritis. Audiometric system tests were performed for 6 patients. The results for all 6 patients were normal. Ophthalmological testing was performed for 6 patients. Choriorentinitis was not observed in any patient. Brain imaging analyses were performed for 5 patients (ultrasonogram, 3 patients; magnetic resonance imaging, 2 patients).
Intracranial calcification was not observed in any patient.
Treatment course
Twenty-eight patients were the acute form (recurrent form, patients 1-6 in Table 2 ), while 1 patient was the chronic form. All patients, except one (patient 2 in Table 2) , showing the recurrent and chronic forms belonged to the CMV-induced thrombocytopenia group. The disease in 5 patients was spontaneously resolved without any treatment. The most frequently prescribed medication was IVIG (prescribed for 21 patients). Corticosteroids were prescribed for 4 patients, and antiviral agents were prescribed for 8 patients. These medications were either used singly or in combination. The disease in all patients was resolved with or without medication.
Detailed description and comparison of clinical treatment courses between the CMV-induced thrombocytopenia group and CMV-related secondary ITP group have been shown in Table 3 . Antiviral therapy was used more frequently for the CMV-induced thrombocytopenia group (8/23, 34.8%) than for the CMV-related secondary ITP group (0/6, 0%); however, the difference between them was not statistically significant (P =0.148). The detailed laboratory findings and treatment courses for children who showed complicated clinical manifestations, such as those showing recurrent or chronic forms, those who were refractory to initial therapy, or those who were managed by further treatment other than IVIG have been described in Table 2 . All patients, except one (patient 2), listed in Table 2 belonged to the CMV-induced thrombocytopenia group. One patient with chronic ITP (patient 7 in Table 2 ), belonging to the CMV-induced thrombocytopenia group, showed thrombocytopenia (88,000/L) at the time of initial diagnosis. This patient displayed several bruises in spite of relatively high level of platelets compared to the general ITP patients. Her thrombocytopenia was prolonged (2 yr), but was spontaneously resolved without any medication.
Relationship between the platelet count and CMV PCR titer
Three patients (patients 6, 8, and 9 in Table 2 ) were analyzed for evaluating the correlation between the platelet count in blood and CMV titer in urine samples. A negative correlation was observed between the platelet count and CMV PCR titer, following antiviral treatment (Fig. 1) . Patient 6 (Fig. 1A) was initially admitted for thrombocytopenia (platelet 9,000/L) and multiple severe petechiae/bruises, and showed positive CMV IgM and CMV PCR tests for the urine sample (1,742 copies/mL). After treatment with IVIG (2 g/kg body weight), the platelet count increased to 227,000/μL and the patient was discharged. However, subsequently, his platelet count decreased to 91,000/L and several petechiae/ bruises redeveloped, despite a high platelet count, along with an increased urinary CMV PCR titer (12,834 copies/mL). After treatment with ganciclovir, the CMV PCR titer in urine decreased and the disease resolved without recurrence or bleeding. Initially, patient 8 (Fig. 1B) showed thrombocytopenia (platelet 3,000/L) and positive CMV PCR (6,315 copies/mL). The disease was refractory to IVIG treatment (2 g/kg) and CMV infection was persistent (6,315 copies/mL→ 7,277 copies/mL→4,941 copies/mL). After simultaneous treatment with ganciclovir and IVIG, the disease resolved without recurrence and CMV PCR was negative. Patient 9 (Fig. 1C) suffered from Evans syndrome and was initially treated with an antiviral agent. His platelet count was 17,000/L and CMV PCR showed 1,185 copies/mL. After treatment with ganciclovir and valganciclovir, the platelet count increased to 227,000/L and CMV PCR showed ＜100 copies/mL.
DISCUSSION
Generally, ITP is not very rare. The estimated prevalence of ITP is about 5 cases per 100,000 children [19] . Primary ITP is defined as isolated thrombocytopenia in the absence of other causes. Secondary ITP is defined as any form of thrombocytopenia other than primary, and includes systemic lupus erythematosus, infection, or lymphoproliferative disorders [19] . ITP is believed to be caused by antiplatelet auto- antibodies, which potentially destroy platelets and damage megakaryocytes and/or decrease platelet production in the bone marrow [17, 19] . Several suggestions explaining the potential relationship between CMV infection and thrombocytopenia have been proposed [7] . These include molecular mimicry of host proteins by viral antigens [14] , immune dysregulation resulting in increased platelet clearance by the reticuloendothelial system [17, 19] , direct infection of megakaryocytes [20, 21] , production of hematopoietic inhibitory cytokines by the CMV-infected leucocytes and stromal cells of the bone marrow [11] , suppression of hematopoiesis of human progenitor cells [1] , production of dysfunctional platelets, and induction of vascular diseases [7] .
In several cases of CMV-associated thrombocytopenia, thrombocytopenia resolves after the first choice, IVIG [10, 12] . This suggests a general hypothesis for childhood ITP after viral infections or vaccination. CMV can directly infect megakaryocytes in the bone marrow, thereby decreasing platelet production [20, 21] . This seems to be the best explanation for some patients who are refractory to conventional ITP therapies, including the use of IVIG and steroids, and who are subsequently treated with antiviral therapy [4, 6, 7] . CMV also causes the megakaryocytes to produce dysfunctional platelets and evokes vasculopathy, which induces severe bleeding symptoms, such as ICH, despite a relatively high platelet count compared to that in the general ITP patients [7] . In our study, 2 children belonging to the CMV-induced thrombocytopenia group (patients 6 and 7 in Table 2 ) also showed bleeding and their platelet count was 80,000-90,000/L. CMV infection shows vertical transmission from mothers to infants via perinatal infection (due to intrapartum transfer) or infected breast milk [22] . Upon infection, the virus remains dormant within the body for a long time. Severe impairment of the immune system or certain diseases reactivate CMV from its latent state. CMV is shed in the body fluids and can be found in the urine, blood, saliva, vaginal fluid, semen, tear, breast milk, and stool samples [22] . Close contact with an infected person, such as in group care settings, neonatal intensive care units, or crowded domestic environments, sometimes causes secondary or community-acquired infections [23, 24] . Congenital CMV infection is diagnosed by isolating the virus from infants within the first 3 weeks of their birth. After three weeks, it becomes difficult to differentiate whether CMV infection was acquired congenitally or perinatally in infants, unless clinical features of the former such as chorioretinitis, intracranial calcification, microcephaly, and hearing loss are present [22] . In this study, 18 CMV-associated thrombocytopenia patients were less than 6 months old and were never exposed to a day care center. Thus, we hypothesize that CMV infection may be perinatal or transmitted via breast feeding. The remaining 11 patients, who were more than 6 months old and were exposed to day care centers, were considered to have community-acquired secondary infection.
The incidence rate of primary CMV infection is 0.2-2.4% of all live births [22] . After the neonatal period, the incidence of CMV infection varies according to race, economic status, and environmental factors. One study showed that one-third of Pakistani children had CMV infection by the age of 12 months, compared to only 9% of white British children [25] . In another study, most preschool children (＞90%) in South America, East Asia, and India were CMV seropositive, in contrast, seroepidemiologic surveys in Great Britain and in USA have found that less than 20% of children of similar age were seropositive [26] . By National Health and Nutrition Examination Survey, 1988 Survey, -2004 showed that the overall age-adjusted CMV seroprevalence in the USA was about 50% [26] . When analyzing the distribution of CMV IgG positive individuals by age, around 65% of children were shown to have antibodies, and then increased with age, reaching 80% in the 30s and ＞90% in the 60s [27] . According to the one study about thrombocytopenia patients, 11% children and 4% adults being treated for the management of thrombocytopenia had CMV-positive urine samples [7, 28] . However, in Korea, the current epidemiology of CMV-infected children or proportion of CMV-positive immunocompetent children having thrombocytopenia is not clear. We suggest the frequency/prevalence of CMV-associated thrombocytopenia in this study (2.7%) was underestimated. Because not every thrombocytopenia children tested for CMV PCR, and we only selected the patients with CMV PCR positivity in this study.
Several diagnostic methods for detecting CMV infection are available. Serological tests for detecting the CMV IgM and IgG antibodies are commonly used; however, these tests have some limitations [29] . CMV infection cannot be completely ruled out based on negative CMV IgM test results because the antibody reaction differs between individuals and during the second serological test performed, 2 to 7 days later, seroconversion can occur. Considering the duration for seroconversion, measurement of CMV IgG in samples collected 1 to 3 months apart can be used for diagnosing primary infection. Further, in infants, a positive CMV IgG test potentially reflects transplacentally-acquired maternal antibodies which can persist up to 18 months of age [22, 30] . Therefore, serological testing has limitations for the early diagnosis of CMV. Qualitative PCR is also used for detecting CMV DNA in blood and tissue samples and is more sensitive than serological tests. However, it is difficult to differentiate latent infection from apparent infection by qualitative PCR, which has low specificity and low-positive predictive rates [29] . On the other hand, quantitation of CMV DNA by real-time PCR, at the exponential phase of viral growth, is fast and accurate. Thus, it is a good diagnostic tool for early diagnosis of CMV infection for initiating timely treatment [29] . Recent studies, including the present study, are using CMV PCR to confirm CMV infection [6, 7, 13] .
Childhood ITP is usually acute, with a recovery rate exceeding 70% [16, 17] . If ITP persists, it typically responds to ITP-specific therapies, such as IVIG or corticosteroids. IVIG increases the platelet count in more than 80% children [18] . Corticosteroids are also effective and about 75% patients respond to this therapy, although the response is highly dose-dependent [18] . In case of secondary ITP, due to human immunodeficiency virus, Helicobacter pylori, or hepatitis C virus, optimum management requires control of the underlying infection. IVIG is also effective in increasing platelet counts in such cases; however, in some cases, the responses are transient. This is because IVIG only blocks the destruction of platelets, but cannot eradicate the pathogen or increase the production of platelets from the bone marrow. Thus, sometimes, control of the underlying infection is important, following which, standard ITP therapies regain their efficacy [6] . However, exact guidelines for treating CMV-associated thrombocytopenia in immunocompetent hosts, particularly the necessity of antiviral therapy, are unavailable. This is because, in many cases, CMV does not cause severe infections in immunocompetent people [4, 5, 12, 14, 28] .
In this study, about two-thirds of CMV-associated thrombocytopenia patients showed a simple treatment course and did not need antiviral therapy. However, about one-third patients showed complex diseases ( Table 2 ). About 34.8% patients in the CMV-induced thrombocytopenia group (8/23) required antiviral therapy for disease control. Interestingly, the platelet count was negatively correlated with the serum CMV DNA level in CMV-associated thrombocytopenia patients, and immunosuppression with steroids increased the amount of CMV DNA and decreased platelet levels [6, 7, 12] . We also observed a negative correlation between the platelet count and the urinary CMV titer during antiviral therapy in 3 CMV-induced thrombocytopenia children (Fig.  1) . Thus, we suggest that IVIG should be used as the first line of treatment for CMV-related secondary ITP. Antiviral agents can be considered in cases of CMV-induced thrombocytopenia involving a complex disease course, recurrent or refractory thrombocytopenia post-IVIG therapy, concomitant Evans syndrome, hepatitis, pneumonitis, or gastritis. Antiviral therapy was suggested to be effective and safe for immunocompetent children with CMV-induced thrombocytopenia [9] .
In the present study, the prognosis of CMV-associated thrombocytopenia in immunocompetent children was favorable and thrombocytopenia was resolved in all cases. However, in these children, other aspects, such as neuromotor developmental delay, epilepsy, hearing loss, and growth retardation, can coexist along with CMV infection [10, 15] . The aforementioned points are the limitations of this study. Neurological imaging, and audiometry and neurodevelopmental evaluations were not performed for all patients. The patients diagnosed with CMV-associated thrombocytopenia should also receive thorough neurological and developmental examinations by clinicians [10, 15] .
In conclusion, CMV is a rare and unique pathogen causing childhood thrombocytopenia, even in immunocompetent subjects or during the postneonatal period. Antiviral therapy is required in about one-third cases. CMV-induced thrombocytopenia is more complex than CMV-related secondary ITP. Further research is needed to establish the general treatment guidelines for CMV-associated thrombocytopenia in immunocompetent hosts.
